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(57) ABSTRACT 

A memory device and process for improving the state of one 
or more terminations according to process, voltage, and/or 

temperature variations. The memory device includes a delay 
locked-loop circuit (DLL). The memory device also has one 
or more terminations to Which one or more variable resis 

tance circuits are connected and through Which one or more 

external signals are passed for operating the memory device, 
and a control circuit for generating a control signal for 
controlling one or more resistance values of the variable 

resistance circuits, in response to a command enable signal 
that represents the activation of another operation and an 
external enable signal that activates the DLL in the memory 
device. After the state of the one or more terminations is 

improved by the control signal, the DLL is enabled. While 
the memory device periodically performs the other opera 
tion, the state of the one or more terminations is improved 
by the control signal. The memory device may receive the 
external signals after improving the state of the one or more 

terminations according to process, voltage, and/or tempera 
ture variations, thereby improving input/output characteris 
tics of the memory device. The state of the one or more 

terminations may be improved by an existing command, 
thereby improving the performance of the memory device. 
The state of the one or more terminations may be optimized 

by the control signal. The other operation may be an auto 
refresh operation. 
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MEMORY DEVICE AND PROCESS FOR 
IMPROVING THE STATE OF A TERMINATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a memory device 
and process, and more particularly, to a memory device and 
process for improving the state of one or more terminations 
in response to process, voltage, and/or temperature varia 
tions. 

[0003] 2. Description of the Related Art 

[0004] A memory device may be connected to an external 
system, such as a memory controller, through a channel. 
Signals input from the external system to the memory device 
through the channel may contain noise, Which is caused by 
a re?ected Wave. The noise may corrupt the input signal due 
to the impedance mismatching of the channel. A resistance 
may be connected to a termination of the memory, to Which 
the input signal is applied, to reduce the noise of the input 
signal by reducing the re?ected Wave, thereby improving the 
state of the termination in the memory device. 

[0005] For a conventional memory device operated at loW 
speed, the resistance of the termination may be adjusted With 
a fuse to improve the state of the termination in the memory 
device and correct process variations. HoWever, the conven 
tional memory device does not vary the resistance value of 
the termination in the memory device according to varia 
tions in voltage or temperature, thereby deteriorating the 
input/output characteristics of a conventional memory 
device operated at a high speed. 

SUMMARY OF THE INVENTION 

[0006] In exemplary embodiments, the present invention 
provides a memory device and process for improving the 
state of terminations by varying a resistance value connected 
to the terminations, according to process, voltage, and/or 
temperature variations. 

[0007] In an exemplary embodiment of the present inven 
tion, a delay locked-loop circuit (DLL) is included in the 
memory device. The memory device, in an exemplary 
embodiment, also includes at least one termination, to each 
of Which a variable resistance circuit is connected and 
through Which at least one external signal is passed for 
operating the memory device and a control circuit for 
generating a control signal for controlling a resistance value 
of each of the variable resistance circuits, in response to a 
command enable signal that represents the activation of an 
another operation, such as an auto refresh operation, and an 
external enable signal that activates the DLL in the memory 
device. After the state of the terminations is improved by the 
control signal, the DLL is enabled. While the memory 
device periodically performs the other operation (for 
example, the auto refresh operation), the state of the termi 
nations is improved by the control signal. 

[0008] In another exemplary embodiment, the control 
circuit may include a comparison circuit for generating a 
control signal by comparing a resistance value of one or 
more of the variable resistance circuits With an external 
reference resistance value that is a reference for improving 
the state of the at least one terminations, and for generating 
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a completion signal after the comparison; a latch circuit for 
latching the control signal so as to generate a latched control 
signal in response to an update signal; and a calibration 
circuit for generating a ?rst internal enable signal to enable 
the comparison circuit in response to the external enable 
signal and the command enable signal, for generating the 
update signal after receiving the completion signal, and for 
generating a second internal enable signal to activate the 
DLL after generating the control signal. 

[0009] In another exemplary embodiment, if a calibration 
time required for improving the state of the at least one 
terminations by the control signal is less than a refresh time 
for the auto refresh operation, the state of the terminations 
is improved Within the refresh time. In another exemplary 
embodiment, if the calibration time is longer than the refresh 
time, the comparison circuit is enabled While performing a 
?rst auto refresh operation of the auto refresh operation, 
thereby improving the state of the terminations While per 
forming a second automatic refresh operation performed 
after the ?rst automatic refresh operation. 

[0010] In another exemplary embodiment, any or all of the 
variable resistance circuits may include a ?rst variable 
resistance connected to an external source voltage, Where the 
?rst variable resistance may be modi?ed to approach or 
match an external reference resistance value in response to 
the control signal; and a second variable resistance con 
nected to a ground voltage, Where the second variable 
resistance may also be modi?ed to approach or match the 
external reference resistance value in response to the control 
signal. 
[0011] In another exemplary embodiment, the present 
invention is directed to a process for improving the state of 
at least one termination in a memory device comprising 
generating a control signal for controlling at least one 
resistance value of at least one variable resistance circuit, in 
response to a command enable signal that represents the 
activation of another operation, such as an auto refresh 
operation, and an external enable signal that activates a 
delay locked-loop circuit (DLL) in the memory device; and 
improving the state of the at least one termination in the 
memory device based on the control signal; Wherein the 
DLL is enabled after the state of the at least one termination 
is improved by the control signal, and the state of the at least 
one termination is improved by the control signal While the 
memory device periodically performs the another operation 
(for example, the auto refresh operation). 

[0012] In another exemplary embodiment, generating the 
control signal includes comparing the at least one resistance 
value of the at least one variable resistance circuit With an 
external reference resistance value that is a reference for 
improving the state of the at least one termination, gener 
ating a completion signal after comparing, latching the 
control signal to generate a latched control signal in 
response to an update signal and generating a ?rst internal 
enable signal to enable the comparison circuit in response to 
the external enable signal and the command enable signal, 
generating the update signal after receiving the completion 
signal, and generating a second internal enable signal to 
activate the DLL after generating the control signal. 

[0013] In another exemplary embodiment, if a calibration 
time required for improving the state of the at least one 
termination by the control signal is less than a refresh time 
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for the auto refresh operation, the state of the at least one 
termination is improved Within the refresh time, and if the 
calibration time is longer than the refresh time, the com 
parison is enabled While performing a ?rst auto refresh 
operation of the auto refresh operation, thereby improving 
the state of the at least one termination While performing a 
second auto refresh operation performed after the ?rst auto 
refresh operation. 

[0014] In another exemplary embodiment, the at least one 
variable resistance circuit includes at least tWo variable 
resistances, and the improving includes modifying a value of 
the ?rst variable resistance, connected to an external source 
voltage, to approach or match an external reference resis 
tance value in response to the control signal; and modifying 
a second variable resistance, connected to a ground voltage, 
to approach or match the external reference resistance value 
in response to the control signal. 

[0015] In other exemplary embodiments, the state of the at 
least one termination is optimiZed by the control signal 
While the memory device periodically performs the another 
operation. 

[0016] In another exemplary embodiment, the memory 
device and process according to the present invention 
receives external signals after improving the state of the 
terminations according to process, voltage, and/or tempera 
ture variations, thereby improving input/output characteris 
tics of the memory device. In other exemplary embodiments, 
the state of the terminations is improved by an existing 
command, thereby improving the performance of the 
memory device. Additionally, the memory device and pro 
cess according to one or more exemplary embodiments of 
the present invention are suitable for operating at a high 
speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The present invention Will become more apparent 
by describing in detail several exemplary embodiments 
thereof With reference to the attached draWings in Which: 

[0018] FIG. 1 is a block diagram illustrating a memory 
device according to an exemplary embodiment of the 
present invention; 

[0019] FIG. 2 is a circuit diagram illustrating in detail a 
variable resistance circuit of FIG. 1 according to an exem 
plary embodiment of the present invention; 

[0020] FIG. 3 is a block diagram schematically illustrat 
ing the structure of a control circuit shoWn in FIG. 1 
according to an exemplary embodiment of the present 
invention; 
[0021] FIG. 4 is a timing diagram illustrating start of the 
operation of the memory device shoWn in FIG. 1 according 
to an exemplary embodiment of the present invention; 

[0022] FIG. 5A is a timing diagram illustrating the opera 
tion of the control circuit during the operation of the memory 
device of FIG. 1 according to an exemplary embodiment of 
the present invention; and 

[0023] FIG. 5B is a timing diagram illustrating another 
operation of the control circuit during the operation of the 
memory device of FIG. 1 according to another exemplary 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The present invention noW Will be described more 
fully With reference to the accompanying draWings, in Which 
exemplary embodiments of the present invention are shoWn. 
The same reference numerals in different draWings represent 
the same element. 

[0025] FIG. 1 is a block diagram illustrating a memory 
device 100 according to an exemplary embodiment of the 
present invention. Referring to FIG. 1, the memory device 
100 of the present invention includes at least one variable 
resistance circuit 101, 103, 105, and 107, at least one input 
buffer 109, 111, 113, and 117, a command decoder 115, a 
delay locked-loop circuit (DLL) 119, a control circuit 120, 
and a core unit 160. 

[0026] External signals DO, ADDR, CMD, ECLK, and 
DLL_EN may be applied through terminations P1, P2, P3, 
P4, and P5 for operating the memory device 100, respec 
tively, and the terminations P1, P2, P3, P4, and P5 are 
connected to a channel (not shoWn), Which is further con 
nected to an external system (also not shoWn). For example, 
the external signal DQ may represent an input/output data 
signal, and the external signal ADDR may represent a signal 
for selecting a memory cell included in the core unit 160. 
The external signal CMD may represent an external com 
mand signal for controlling the operation of the memory 
device 100, and the external signal ECLK may represent an 
external clock signal. The external signal DLL_EN may 
represent an external enable signal for enabling the DLL 
119. An external reference resistance Rr, Which is a refer 
ence for improving the state of the channel, is connected to 
a termination P6 at one end While connected to a ground 
voltage VSS at the other end. The external reference resis 
tance Rr may be arranged external to the memory device 
100. 

[0027] The input buffers 109, 111, 113, and 117 buffer the 
external signals DO, ADDR, CMD, and ECLK, respectively. 
External source voltages VDD and the ground voltages VSS 
are applied to each input buffer 109, 111, 113, and 117. 

[0028] The command decoder 115 applies a decoded 
external command signal CMD to the core unit 160. 

[0029] The DLL 119 generates an internal clock signal 
ICLK that is locked to the external clock signal ECLK. The 
internal clock signal ICLK is applied to the input buffers 
109, 111, and 113 and the command decoder 115. 

[0030] FIG. 2 is a circuit diagram illustrating an exem 
plary implementation of the variable resistance circuit 107 
of FIG. 1. Referring to FIG. 2, the variable resistance circuit 
107 includes a ?rst variable resistance RV1 connected to an 
external source voltage VDDQ, and a second variable resis 
tance RV2 connected to the ground voltage VSS. Other 
variable resistance circuits 101, 103, and 105 may be 
implemented in the same manner as illustrated in FIG. 2 
(and thus a description thereof is omitted) or in another 
manner knoWn to one of ordinary skill in the art. 

[0031] The resistance values of the ?rst and second vari 
able resistances RV1 and RV2 may vary according to 
process, voltage, and/or temperature variations. When 
poWer is applied to the memory device 100 and the external 
enable signal DLL_EN is enabled, the resistance values of 
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the ?rst and second variable resistances RV1 and RV2 are 
improved by a control signal CNT<i>, Which is generated in 
the control circuit 120 by detecting the resistance value of 
the external reference resistance Rr. Consequently, the state 
of the termination P4 is also improved. In an exemplary 
embodiment, the improved resistance value is the external 
reference resistance Rr. In another exemplary embodiment, 
one or both of the ?rst and second variable resistances RV1 
and RV2 are varied to approach or match the external 
reference resistance Rr. In another exemplary embodiment, 
one or both of the ?rst and second variable resistances RV1 
and RV2 are varied to optimiZe the state of the termination 
(in the case, termination P4). 

[0032] When the external clock signal ECLK is applied, 
the external clock signal ECLK, Which has a loW noise level, 
is input to the memory device 100. Consequently, the 
locking time for the DLL 119 is reduced. Similarly, other 
external signals DQ, ADDR, and CMD are applied after 
improving the state of the terminations P1, P2, and P3. 

[0033] Referring to FIG. 1, the control circuit 120 gener 
ates the control signal CNT<i> for improving the resistance 
values included in the variable resistance circuits 101, 103, 
105, and 107, in response to the external enable signal 
DLL_EN. After improving the state of the terminations P1, 
P2, P3, and P4 by using the control signal CNT<i>, an 
internal enable signal EN2 is generated for enabling the DLL 
119. The enabled DLL 119 generates the internal clock 
signal ICLK locked to the external clock signal ECLK, 
Which is buffered by the input buffer 117. 

[0034] The control circuit 120 generates the control signal 
CNT<i> for improving the state of the terminations P1, P2, 
P3, and P4 While the memory device 100 performs an auto 
refresh operation, in response to a command enable signal 
CBR_EN that represents the activation of the auto refresh 
operation. Consequently, other operations of the memory 
device 100 are not affected. The auto refresh operation is a 
refresh operation performed by an internal address signal, 
not an external address signal, and is performed periodically 
While being controlled by a column address strobe (CAS) 
before roW address strobe (RAS) or CAS before RAS (CBR) 
command. 

[0035] Accordingly, the input/output characteristics of the 
memory device 100 are improved by receiving the external 
signals after improving the state of the terminations P1, P2, 
P3, and P4. In addition, the input/output characteristics of 
the memory device 100 are further improved by improving 
the state of the terminations during operation. 

[0036] FIG. 3 is a block diagram schematically illustrat 
ing an exemplary implementation of the control circuit 
shoWn in FIG. 1. Referring to FIG. 3, the control circuit 120 
includes a comparison circuit 122, a latch circuit 124, and a 
calibration circuit 126. 

[0037] The comparison circuit 122 generates the control 
signal CNT<i> after comparing the resistance values of the 
variable resistance circuits 101, 103, 105, and 107 With the 
external reference resistance Rr, in response to a ?rst internal 
enable signal EN1. After the comparison, the comparison 
circuit 122 generates a completion signal CO. 

[0038] The latch circuit 124 latches the control signal 
CNT<i>, and generates the latched control signal CNT<i> in 
response to an update signal UD. 
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[0039] The calibration circuit 126 generates the ?rst inter 
nal enable signal EN1 for enabling the comparison circuit 
122, in response to the external enable signal DLL_EN and 
the command enable signal CBR_EN. The calibration cir 
cuit 126 generates the update signal UD after receiving the 
completion signal CO and generates the second internal 
enable signal EN2 for activating the DLL 119 after the 
generation of the control signal CNT<i>. 

[0040] If a calibration time tCAL, Which is required for 
improving the states of the terminations P1, P2, P3, and P4 
by the control signal CNT<i>, is less than a refresh time 
tRFC of the auto refresh operation, the state of the termi 
nations P1, P2, P3, and P4 is improved Within the refresh 
time tRFC. 

[0041] If the calibration time tCAL is longer than the 
refresh time tRFC, the comparison circuit 122 is enabled 
during the ?rst auto refresh operation of the auto refresh 
time, and the state of the terminations P1, P2, P3, and P4 is 
improved during a second auto refresh time, Which is 
performed after the ?rst auto refresh operation. 

[0042] FIG. 4 is an exemplary timing diagram illustrating 
the start of the operation of the memory device shoWn in 
FIG. 1. 

[0043] When the external source voltages VDD and 
VDDQ increase, the operation of the memory device 100 
according to an exemplary embodiment of the present 
invention is started. When the external enable signal 
DLL_EN is activated, the control circuit 120 shoWn in FIG. 
1 generates the control signal CNT<1> for improving the 
state of the terminations P1, P2, P3, and P4. When the 
second internal enable signal EN2 is activated, the DLL 119 
is enabled for generating the internal clock signal ICLK. 
Namely, the memory device 100 according to an exemplary 
embodiment of the present invention receives the external 
signals after improving the state of the terminations P1, P2, 
P3, and P4. 

[0044] FIG. 5A is an exemplary timing diagram illustrat 
ing the operation of the control circuit 120 in the operation 
of the memory device 100 shoWn in FIG. 1. FIG. 5A 
represents an exemplary case Where the calibration time 
tCAL is less than the refresh time tRFC. An external 
command signal A_CMD shoWn in FIG. 5A is the external 
command signal for controlling another operation, for 
example a Writing operation, of the memory device 100 
according to an exemplary embodiment of the present 
invention. 

[0045] When a command signal CBR is generated by 
being locked to the internal clock signal ICLK, the com 
mand enable signal CBR_EN is activated. The ?rst internal 
enable signal EN1, the completion signal CO, and the update 
signal UD are activated to generate an updated control signal 
CNT<2>. Accordingly, the state of the terminations P1, P2, 
P3, and P4 is improved by the updated control signal 
CNT<2>. 

[0046] FIG. 5B is another exemplary timing diagram 
illustrating another operation of the control signal in the 
operation of the memory device 100 shoWn in FIG. 1. FIG. 
5B represents an exemplary case Where the calibration time 
tCAL is longer than the auto refresh time tRFC. 

[0047] When a ?rst command signal CBR1 is generated 
by being locked to the internal clock signal ICLK, the 
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command enable signal CBR_EN is activated. When the 
?rst internal enable signal EN1 and the completion signal 
CO are activated, the latch circuit 124 stores a control signal 
CNT<2> for improving the state of the terminations P1, P2, 
P3, and P4. Thereafter, the memory device 100 according to 
an exemplary embodiment of the present invention performs 
other operations by receiving the external command 
A_CMD locked to the internal clock signal ICLK. When a 
second command signal CBR2 locked to the internal clock 
signal ICLK is generated, the update signal UD is activated. 
Then, the control signal CNT<2> for improving the state of 
the terminals P1, P2, P3, and P4 is applied to the variable 
resistance circuits 101, 103, 105, and 107. 

[0048] As described above, in one or more of the exem 
plary embodiments of the present invention, the state of at 
least one termination is improved by the control signal by 
varying one or more variable resistance circuits to approach 
or match a reference resistance. It is further noted that the at 
least one termination may also be optimiZe by such a 
technique. Additionally, as described above, the state of at 
least one termination may be improved or optimiZed While 
the memory device performs an auto refresh operation. 
HoWever, the state of at least one termination may be 
improved or optimiZed While the memory device performs 
any other operation, as Would be knoWn to one of ordinary 
skill in the art. 

[0049] Still further, While exemplary numbers of elements 
have been described, these numbers are provided by Way of 
illustration only. For example, the number of variable resis 
tance circuits, input buffers, terminations, external signals, 
enable signals and variable resistances may be varied form 
the numbers described above as Would be evident to one of 
ordinary skill in the art. Further, in general, While this 
invention has been particularly shoWn and described With 
reference to exemplary embodiments thereof, it Will be 
understood by those skilled in the art that various changes in 
form and details, such as those suggested above, may be 
made throughout Without departing from the spirit and scope 
of the invention as de?ned by the appended claims. 

What is claimed is: 
1. Amemory device including a delay locked-loop circuit 

(DLL), the memory device comprising: 

at least one termination to Which at least one variable 
resistance circuit is connected and through Which at 
least one external signal is passed for operating the 
memory device; and 

a control circuit for generating a control signal for con 
trolling at least one resistance value of the at least one 
variable resistance circuit, in response to a command 
enable signal that represents the activation of another 
operation and an external enable signal that activates 
the DLL in the memory device, 

Wherein the DLL is enabled after a state of the at least one 
termination is improved by the control signal, and the 
state of the at least one termination is improved by the 
control signal While the memory device periodically 
performs the another operation. 

2. The memory device of claim 1, Wherein the state of the 
at least one termination is optimiZed by the control signal 
While the memory device periodically performs the another 
operation. 
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3. The memory device of claim 1, Wherein the another 
operation is an auto refresh operation. 

4. The memory device of claim 3, Wherein the control 
circuit includes: 

a comparison circuit for generating the control signal by 
comparing the at least one resistance value of the at 
least one variable resistance circuit With an external 
reference resistance value that is a reference for 
improving the state of the at least one termination, and 
for generating a completion signal after comparing; 

a latch circuit for latching the control signal to generate a 
latched control signal in response to an update signal; 
and 

a calibration circuit for generating a ?rst internal enable 
signal to enable the comparison circuit in response to 
the external enable signal and the command enable 
signal, for generating the update signal after receiving 
the completion signal, and for generating a second 
internal enable signal to activate the DLL after gener 
ating the control signal, 

Wherein if a calibration time required for improving the 
state of the at least one termination by the control signal 
is less than a refresh time for the auto refresh operation, 
the state of the at least one termination is improved 
Within the refresh time, and 

if the calibration time is longer than the refresh time, the 
comparison circuit is enabled While performing a ?rst 
auto refresh operation of the auto refresh operation, 
thereby improving the state of the at least one termi 
nation While performing a second auto refresh opera 
tion performed after the ?rst auto refresh operation. 

5. The memory device of claim 1, Wherein the at least one 
variable resistance circuit includes at least tWo variable 
resistances, a ?rst variable resistance connected to an exter 
nal source voltage, Wherein a value of the ?rst variable 
resistance may be modi?ed to approach or match an external 
reference resistance value in response to the control signal; 
and a second variable resistance connected to a ground 
voltage, Wherein a value of the second variable resistance 
may be modi?ed to approach or match the external reference 
resistance value in response to the control signal. 

6. A process for improving the state of at least one 
termination in a memory device comprising: 

generating a control signal for controlling at least one 
resistance value of at least one variable resistance 
circuit, in response to a command enable signal that 
represents the activation of another operation and an 
external enable signal that activates a delay locked-loop 
circuit (DLL) in the memory device; and 

improving the state of the at least one termination in the 
memory device based on the control signal; 

Wherein the DLL is enabled after the state of the at least 
one termination is improved by the control signal, and 
the state of the at least one termination is improved by 
the control signal While the memory device periodically 
performs the another operation. 

7. The process of claim 6, Wherein the state of the at least 
one termination is optimiZed by the control signal While the 
memory device periodically performs the another operation. 
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8. The process of claim 6, wherein the another operation 
is an auto refresh operation. 

9. The process of claim 8, Wherein generating the control 
signal includes: 

comparing the at least one resistance value of the at least 
one variable resistance circuit With an external refer 
ence resistance value that is a reference for improving 
the state of the at least one termination, 

generating a completion signal after comparing; 

latching the control signal to generate a latched control 
signal in response to an update signal; 

generating a ?rst internal enable signal to enable the 
comparison circuit in response to the external enable 
signal and the command enable signal, 

generating the update signal after receiving the comple 
tion signal, and 

generating a second internal enable signal to activate the 
DLL after generating the control signal, 

Wherein if a calibration time required for improving the 
state of the at least one termination by the control signal 
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is less than a refresh time for the auto refresh operation, 
the state of the at least one termination is improved 
Within the refresh time, and 

if the calibration time is longer than the refresh time, the 
comparison is enabled While performing a ?rst auto 
refresh operation of the auto refresh operation, thereby 
improving the state of the at least one termination While 
performing a second auto refresh operation performed 
after the ?rst auto refresh operation. 

10. The process of claim 6, Wherein the at least one 
variable resistance circuit includes at least tWo variable 
resistances, and Wherein the improving includes 

modifying a value of the ?rst variable resistance, con 
nected to an external source voltage, to approach or 
match an external reference resistance value in 
response to the control signal; and 

modifying a second variable resistance, connected to a 
ground voltage, to approach or match the external 
reference resistance value in response to the control 
signal. 


